In this paper, we characterize the fair dominating sets in the join, corona and composition of graphs. We also determine the bounds or exact values of the fair domination numbers of these graphs.
Introduction

Let G = (V (G), E(G)) be a graph and v ∈ V (G)
Case 2. S is a 2FD-set of G.
Then |N G (a) ∩ S| = 2 for all a ∈ V (G)\S, that is, N G (a) ∩ S = S for all a ∈ V (G)\S. This implies that N G (x) ∩ N G (y) = V (G)\S.
For the converse, suppose that γ(G) = 1 and there exist x, y ∈ V (G), where x = y, such that N G (x) ∪ N G (y) = V (G)\{x, y}. Suppose first that N G (x) ∩ N G (y) = ∅. Then S = {x, y} is a 1FD-set of G. Next, suppose that N G (x) ∩ N G (y) = V (G)\{x, y}. Then S = {x, y} is a 2FD-set. Thus, S = {x, y} is an FD-set of G and γ f d (G) ≤ 2. Since γ f d (G) ≥ 2, it follows that γ f d (G)= 2.
Theorem 2.6 [4] For m, n≥1, if G∈{P
Theorem 2.7 [4, 7] Let P n be the path of order n. Then γ f d (P n ) = γ(P n ) = n 3 for all n. 
Fair Domination in the Join of Graphs
Fair Domination in the Corona of Graphs
Let G and H be graphs of order m and n, respectively. The corona of two graphs G and H is the graph G • H obtained by taking one copy of G and m copies of H, and then joining the ith vertex of G to every vertex of the ith copy of H. For every v ∈ V (G) 
Proof. Let C be an FD-set of G • H. In particular, let C be a kFD-set.
. Consider the following cases:
. Consider the following subcases:
The next result is immediate from Theorem 4.1.
Corollary 4.2 Let G be a connected graph and let H be any graph. Then
γ f d (G • H) = |V (G)|.
Fair Domination in the Composition of Graphs
The composition of two graphs G and H is the graph Proof. The result clearly holds if either G or H is the trivial graph, so we assume that G and H are non-trivial. Suppose
)(y, a) ∈ E(G[H]). This implies that xy ∈ E(G).
Thus, {x} is a dominating set of G. Similarly, {a} is a dominating set of H.
For the converse, suppose γ(G) = γ(H) = 1. Let {x} be a γ-set of G and let {a} be a γ-set of H for some
Proof. Since C is a dominating set of G [H] , S is a dominating set of G by Theorem 5.1. Clearly, T x is a dominating set of H if |V (H)| = 1 or 2. Suppose
contrary to our assumption that C is a F D-set. Thus, T x is an FD-set of H. Therefore, T x is an FD-set of H for each x ∈ S. b) ) ∩ C|, contrary to our assumption that C is an FD-set. Hence, S is an FD-set of G.
Theorem 5.4 Let G and H be connected graphs. Then
Conversely, suppose C = S×V (H) where S is an FD-set of G. Since V (H) is a dominating set of H, C is a dominating set of G[H] by Theorem 5.1. From the assumption, S is a kFD-set of G for some posi- a) ) ∩ C|, contrary to our assumption that C is an FD-set. Hence, G must be regular.
Conversely, suppose G is a regular graph and
Corollary 5.5 Let G and H be connected graphs.
Then
Remark 5.6
The strict inequalities in Corollary 5.5 can be attained. However, the given upperbounds are sharp.
To see this, consider the graphs shown in Figure 1 . The shaded vertices in each graph form a γ f d -set. Thus, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , a) ) ∩ C| = x∈S |T x |. Since T v is a |T v |FD-set, bc ∈ E(H) for all c ∈ T v . Furthermore, since S is a complete subgraph of G, vx ∈ E(G) for every x ∈ S\{v}. Hence, ((u, a) ) ∩ C|. Case 3. u ∈ S, v ∈ V (G)\S Then a / ∈ T u . Similar to Case 2,
Case 4. u, v ∈ S Suppose u = v. Then T u = T v , a = b and a, b / ∈ T u . Since T u is a |T u |FD-set, ac, bc ∈ E(H) for all c ∈ T u . Moreover, since S is a complete subgraph of G, ux ∈ E(G) for every x ∈ S\{u}. Hence, ((v, b) ) ∩ C|.
Suppose u = v. Since ac ∈ E(H) for all c ∈ T u and ux ∈ E(G) for every x ∈ S\{u}, |N G [H] ((u, a) ) ∩ C| = |T u | + x∈S\{u} |T x | = x∈S |T x |. Also, since bc ∈ E(H) for all c ∈ T v and vx ∈ E(G) for every x ∈ S\{v},
Therefore, C is an FD-set of G[H]. Conversely, suppose C = x∈S ({x} × T x ) where S ⊆ V (K n ) and T x is a |T x |FD-set of H for each x ∈ S. Then S is a |S|FD-set of G, and S is a complete subgraph of G. By Lemma 5.7, C is an FD-set of K n [H]. 
